Introduction
A best evidence topic was constructed according to a structured protocol. This is fully described in the ICVTS w1x. The quality of each study was assessed using the International Liaison Committee on Resuscitation 2005 protocol w2x.
Three-part question
In wpatients after cardiac surgery who suffer an arrestx is wImmediate cardiopulmonary resuscitation (CPR)x vs. wImmediate defibrillation or pacingx the most effective strategy to optimise wsurvival to dischargex.
Clinical scenario
You have just performed CABGx2 on a 67-year-old gentleman with triple-vessel disease. His obtuse marginal artery *Corresponding author. Tel.: q46 8 51770834; fax: q46 8 322701. E-mail address: ulf.lockowand@ks.se (U. Lockowandt).
was too small to graft. Unfortunately, 2 h postoperatively he suddenly goes into ventricular fibrillation. The staff perform external cardiac massage for 30 s until the anaesthetist gives a single biphasic 150J DC shock which converts him back into sinus rhythm and his blood pressure quickly recovers. With amiodarone loading he remains stable and is discharged from the ICU two days later, however, on day 4 you have to take him back to theatre for sternal rewiring. You feel the CPR should have been avoided but the nurses tell you that immediate CPR is a key part of current guidelines. 
Search strategy

Search outcome
Five hundred and fifty papers were found in Medline and 990 in Embase using the reported search. From these 22 papers were identified. These are presented in Table 1 .
Results
There are two main issues to consider in this topic. Firstly, whether a period of CPR will benefit the patient prior to defibrillation. The second issue is whether a period of external massage on the sternotomy could cause excessive harm.
In 2005, the International Liaison Committee on Resuscitation (ILCOR) task force w4x recommended that for out-ofhospital arrests where the response time is more than 4-5 min, a 1.5-3 min period of external cardiac massage may be of benefit. They also state that there is no evidence to support or refute the use of CPR before defibrillation for in-hospital cardiac arrest. This is based on the worksheet by Gazmuri et al. w3x . This reviewed 14 papers, including 2 randomized trials, 2 cohort studies, and 10 experimental studies in coming to its conclusions. The 10 experimental studies showed that attempting defibrillation upon initiation of resuscitation is more efficacious than CPR first if the duration of untreated ventricular fibrillation is 5 min or less.
Of the 2 randomized studies, Wik et al. w5x reported the results of a study in 200 patients who suffered an out-ofhospital VF arrest randomized to immediate defibrillation then CPR or 3 min of CPR then defibrillation. There was no difference between groups if the response time was -5 min. However, in the remaining patients, the return of spontaneous circulation was 58% in the CPR group compared to 38% in the defibrillation group.
In the second RCT by Jacobs et al. w6x, 256 patients who suffered a VF arrest were randomized to immediate defibrillation, or 90 s of CPR, followed by defibrillation. The mean response time was 9 min but no differences in either group were shown in resuscitation or survival.
Of the cohort studies, Cobb et al. w7x in Seattle looked at the implementation of AEDs for non-paramedic Emergency Medical Teams in over 1000 arrests. In the first period of the study, there was no improvement in survival, which led to a change in practice with the recommendation of 90 s of CPR before defibrillation resulting in an increase in survival to discharge of 24-30%.
Stotz et al. w8x retrospectively examined the implementation of AEDs in Basel. They found that conversely the survival to discharge dropped from 24-14% after implementation of early defibrillation instead of CPR.
Considering studies of in-hospital arrests, the largest was by the AHA national registry of cardiopulmonary resuscitation w9x in 2008 who reported data on 6789 patients who suffered an in-hospital VF arrest across 369 hospitals. Of note, 61% of arrests were in intensive care units and 10% were in patients after cardiac surgery. The best survival was in patients defibrillated in under 1-2 min (39%). There was a significant reduction in survival if defibrillation was over 2 min (22%) and prognosis worsened the longer defibrillation was delayed. Spearpoint et al. w10x reported that in 2 years of VF arrests in 124 patients at the Hammersmith hospital, survival to discharge was 48% with defibrillation in -2 min compared to 14% if defibrillation was delayed. Of note 15 patients had defibrillation with no CPR and 80% survived to discharge. Fredriksson w11, 12x reported that in 910 consecutive arrests, the survival to hospital discharge was 34%. This was thought to be in part due to fast defibrillation times (median 2 min). Hajbaghery et al. w13x reported 206 patients who arrested in an Iranian hospital. Survival to discharge was 33% if defibrillation was under 4 min, but only 5% if over this. Zafari et al. w14x reported 569 inhospital arrests. Of defibrillated patients only 2.2% survived, but after initiation of an early defibrillation programme this increased to 16%. Skrifars et al. w15x analysed risk factors for survival at 12 months among 441 patients who suffered an in-house arrest. Although arrests in a cardiac surgical unit had a better outcome, delay to defibrillation did not come out as a predictor. Of note, apart from 15 patients, none of these in-hospital studies contained patients who had CPR deferred until after defibrillation.
Considering possible harm from external cardiac massage, the most concerning report was from Bohrer and Böttiger w16x. They reported 3 patients who after cardiac surgery suffered a VF-arrest. They all had brief periods of external CPR and died from massive haemorrhage resulting from mechanically induced rupture of vascular sutures. They specifically describe a patient who had only 5 compressions before 1500 ml of blood suddenly came down the drains in 30 s. In addition, Kempen and Allgood w20x reported a right ventricular tear secondary to external CPR in a patient who arrested shortly after a right pneumonectomy. We also identified 5 case reports of cardiac damage due to external cardiac massage in the non-surgical literature w17-19, 21, 22x.
Several cohort studies report the results of cardiac arrest after cardiac surgery but none mention significant complications due to the external CPR. El-Banayosy and colleagues w24x reported 113 patients who underwent at least 20-30 min of external CPR, with a survival of 70% without any complications due to external CPR. Raman reported 39 patients who suffered a cardiac arrest after cardiac surgery. Twenty-four had emergency resternotomy and the authors specifically stated that 'no significant damage to the myocardium was considered to have occurred as a result of direct cardiac compression'. We found no studies reporting cohorts of patients resuscitated by external pacing or temporary wire pacing. Thus we considered this intervention to be equivalent to defibrillation in patients with asystole or bradycardic pulseless electrical activity in arrests after cardiac surgery as there may be a short delay in obtaining the required specialist equipment during which CPR would normally be considered.
Clinical bottom line
We recommend that guidelines for immediate external massage should be adhered to currently as the evidence Lockowandt and colleagues w1x published results from their 'best evidence' search, which addressed whether it is acceptable to delay cardiopulmonary resuscitation (CPR) if a patient arrests after cardiac surgery in order to attempt defibrillation or pacing prior to performing external cardiac massage (ECM). They recommended that guidelines for immediate ECM prior to defibrillation in-hospital should be followed as the evidence that significant trauma to the myocardium due to ECM has been reported in cardiac surgery patients is not yet strong enough to recommend a change in practice. The adverse consequences caused by ECM, however, can be avoided by using alternative CPR methods.
The likelihood of achieving return of spontaneous circulation (ROSC) and surviving a cardiac arrest has been linked to the ability to achieve and maintain coronary perfusion pressure (CPP) adequately above a threshold level of 15 mmHg prior to defibrillation w2x. One can argue that failure to achieve ROSC despite prompt defibrillation is possible in many post-cardiacsurgery patients due to some level of impaired left ventricular diastolic filling, which likely more rapidly decreases CPP to below threshold levels. Therefore, to avoid unnecessary defibrillation, which can increase the already existing myocardial dysfunction, and to avoid the potential adverse consequences of ECM and the subsequent need for sternal rewiring, two alternative methods of CPR w3x can be utilized to maintain adequate CPP before defibrillation.
First, minimally invasive direct cardiac massage (or MID-CM) is a technique that uses a commercially available hand-held device (TheraCardia, Inc) that is introduced through a small thoracostomy to manually achieve direct cardiac compression with a 4-cm up-and-down stroke at a rate of 80-100 compression-decompressions per min. It has been pointed out that a human pre-hospital pilot study of 25 patients concluded that MID-CM produces greater blood flow than conventional CPR.
Second, abdominal compressions-only CPR (or ACO-CPR) (with an open airway possibly maintained by head rotation during single-rescuer CPR w4x or by manual airway maneuvers during two-rescuer CPR) is a new resuscitation method that can be applied immediately to circulate oxygenated blood to the heart and brain, which may improve the chances of successful pacing or defibrillation on the first attempt, in patients suffering an arrest after cardiac surgery. High-frequency compressions of the abdominal aorta (due to rhythmic compression by compressing the mid-abdomen) produce resonant pressure-volume waves within the aorta that drive blood flow. Because there is no direct pressure over the heart to empty the left ventricle with each compression during ACO-CPR and because left ventricular volume will increase as a result of flow from the higher-pressure pulmonary arteries to the lower-pressure left atrium and left ventricle, the heart acts as a conduit, thereby allowing significant increases in ventricular volume during ACO-CPR w5x, which would compensate for the impaired left ventricular diastolic filling found in many post-cardiac-surgery patients. However, cardiac compressions with MID-CM may still be necessary because ACO-CPR engorges the heart with blood; a blood-engorged heart cannot be successfully defibrillated and circulation cannot return without first decompressing the heart with cardiac compressions w4, 5x. The above best evidence topic w1x reminds me of a patient I have been involved with recently. This lady had a cardiac arrest five days following aortic valve surgery. She suffered a witnessed cardiac arrest for which she had one minute of cardiopulmonary resuscitation (CPR) which was successful in returning a spontaneous cardiac output with a good blood pressure. Postresuscitation she was found to have a left pneumothorax with a small left pleural effusion. A chest drain was inserted and the pneumothorax resolved. The patient remained stable and was transferred to cardiothoracic intensive care unit (CICU). In CICU her haemoglobin was 5.5 g/dl therefore, she received a blood transfusion. She remained stable for 24 h. She had minimal drainage and was discharged from CICU back to high dependency unit (HDU). The following day on HDU she arrested again. She received prolonged CPR for 25 min during which 1.5 l suddenly drained down the pleural drain as a result of the CPR. This patient died of an aortic dissection confirmed on emergency resternotomy.
So what did we learn from this case? The first arrest was attributed to the pneumothorax but in retrospect the main cause for the cardiac arrest must have been the aortic dissection. However, when in the CICU, we did not fully investigate this possibility. Then evidently the second period of 25 min of external cardiac massage caused this dissection to rupture.
In conclusion, prolonged massage in our experience did cause a severe haemorrhagic complication and thus early resternotomy would both reduce this trauma and also allow full inspection of the mediastinal contents. If this had been performed on the first arrest, then the aortic dissection may have been discovered. Even if a patient is successfully resuscitated without the need for emergency resternotomy we believe that these patients should be thoroughly investigated for all causes of this arrest, including a CT angiogram to exclude dissection if no other apparent cause has been found to explain the arrest. Lockowandt and coworkers ask a very important question about whether it is ever acceptable to delay cardiac massage w1x. Cardiac arrest after cardiac surgery is different from cardiac arrest in a general hospital ward.
When due to ventricular fibrillation, a defibrillator is usually immediately available and the treatment of choice should be immediate defibrillation.
When due to severe bradycardia or complete heart block or asystole, pacing wires are often in place and if so, pacing is the treatment of choice.
When due to tamponade or catastrophic haemorrhage, external massage may not help and reopening the chest is the treatment of choice.
When due to tension pneumothorax, external massage may also not help and drainage is the treatment of choice.
When all this is added to the risk of damage to sternum, heart and suture lines, it makes a compelling case for delaying external massage by a few seconds if that allows the immediate administration of the treatment of choice (such as defibrillation or pacing) as there is every chance that these interventions may correct the problem thus avoiding the need for potentially damaging massage in the first place. The question raised in the manuscript of Lockowandt and coworkers is a very important question w1x. In most cases patients after cardiac surgery will be monitored for at least 24 h. Because of this monitoring, if a patient arrests, it will be known if the arrest is due to, for instance, a severe bradycardia or a ventricular fibrillation. These causes can be treated very quickly in an intensive care unit. If pacing in the case of bradycardia or a few attempts of defibrillation in case of ventricular fibrillation are not successful, it is of utmost importance to start resuscitation and reopening of the chest as soon as possible w2x. Also a tension pneumothorax should be recognized in a few seconds in the intensive care unit. Drainage in that case is more successful than external massage. If the patient arrests a few days after cardiac surgery he will be on the ward and probably there will be more delay until it is clear what the arrest is due to. In those cases the nursing staff should start resuscitation while waiting for the doctors on call to arrive.
Reference
The resuscitation technique itself needs a warning notice. In our hospital we have seen several patients after an out of hospital resuscitation where a mechanical device had been used for the external cardiac massage. Sternal fractures were not uncommon just as damage to the myocardium and we have even seen esophageal ruptures in patients where the mechanical device was not perfectly adjusted to the patient's body size. The use of these devices in patients with a recently divided sternum will, without any doubt, lead to a number of sternal fragments unsuitable for sternal rewiring and damage to the underlying structures. The two questions posed by your article w1x are of great importance as they concern every surgeon.
Concerning the first question, the immediate cardiopulmonary resuscitation (CPR) is not only necessary but also mandatory. We strongly believe that CPR should start as soon as possible, independently of the availability for defibrillation or pacing. We consider maintaining of an adequate blood flow and pressure for vital organs (brain and myocardium), before every effort to defibrillate or pacing, as the most important constituent of a good final outcome. Cerebral blood flow must be preserved within first 2-3 min following arrest, in order to avoid a potential irreversible damage.
Immediate CPR is also imposed in cases where arrest is associated with acute dilation of left or right ventricle (ballooning heart). In these cases (on electrocardiogram: bradycardia, asystole, or pulseless electrical activity), attempting to pace or defibrillate is usually not effective. Acute 'passive' myocardial dilatation leads to a further deterioration of the ventricular function because the curve of Frank-Starling is shifted to the right. Simultaneously, the myocardium presents an asynergy, regarding ventricular conduction contrary to the normal excitation-contraction coupling. Consequently, if we do not interrupt mechanically this 'vicious circle' by cardiac massage, neither pacing nor defibrillation will be rendered effective.
Concerning the possibility of myocardial damage caused by external cardiac massage w1x, there are few sporadic reported cases in literature w2, 3x. However, such cases are relatively rare compared to the total amount of patients subjected in CPR. It is notable that Fredriksson et al. w4x do not refer to any myocardial damage during post-cardiopulmonary bypass grafting (CABG) arrest, among 32 postoperative patients, in the majority of whom (80%) a cardiac massage was performed. El-Banayosy et al. w2x reported no cases of myocardial injury during CPR among 113 cardiac operated patients. However, there are several reported cases of harm after CPR in patients without previous sternotomy. Consequently, previous sternotomy does not appear to be significantly responsible for a potential myocardial injury or dysfunction during CPR.
In our opinion, myocardial damage may be caused by physician's overzealous massage, usually characterized by violent manoeuvres. According to the guidelines, during external massage the 'immersion' of the lower half sternum must not exceed 4-5 cm, in order to produce drastic mechanical output without the potential of myocardial damage w5x.
Finally, we follow a more 'aggressive strategy' for the arrested patients shortly after cardiac surgery: we immediately perform CPR by external cardiac massage. If after the first 2-3 min 'closed CPR' has no impact, we convert it to 'open CPR' after in bed emergency re-sternotomy. This strategy has been performed in 26 arrests on ICU patients and was successful in 18 patients (69.23%). In only one case we have observed at the end of a converted 'open CPR' a hemorrhage from the site of left internal mammary artery (LIMA) to left anterior descending (LAD) anastomosis. The patient was urgently transported to the theater for successful suture. Two others of the surviving patients were re-operated after two and three months, respectively for complications of the incision and of the sternum (infection and diastasis).
